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ABSTRACT: A stranded yearling male Califor-
nia sea lion was admitted to a rehabilitation
center June 2003. On presentation, the sea lion
was emaciated and had diarrhea and neutro-
philia. Two weeks later, the animal became an-
orexic, blood and mucus were observed around
the oral cavity, and corneal opacity was noted
in the right eye. Hematology results at that
time included leukocytosis consisting of neutro-
philia with a left shift, anemia, and thrombo-
cytopenia. Despite supportive care, the sea lion
died. On post mortem examination, there were
multiple areas of hemorrhage scattered
throughout all lung lobes, and pulmonary blood
vessels were occluded by fibrin thrombi. Nem-
atodes identified as immature forms of Otos-
trongylus circumlitus were found in the right
ventricle and pulmonary arteries. Histologic
findings in the lungs included severe suppura-
tive and necrotizing arteritis with vascular
thrombosis, interstitial pneumonia, and large
areas of pulmonary hemorrhage. This report of
O. circumlitus infection in a California sea lion
(Zalophus californianus) might indicate a po-
tentially new host-parasite association.

Key words: Arteritis, California sea lion,
nematode, Otostrongylus circumlitus, Zalophus
californianus.

The circumpolar metastrongyloid nem-
atode Otostrongylus circumlitus is primar-
ily a parasite of seals less than one year old
(Onderka, 1989). It has an indirect life cy-
cle that includes a variety of fish species
shown experimentally to allow develop-
ment of first stage larvae, but only Amer-
ican plaice (Hippoglossoides platessoides)
experimentally supports development of
infective larvae (Bergeron et al., 1997).
The nematode has been reported in har-
bor (Phoca vitulina), and ringed (Phoca
hispida) seals (Geraci, 1978; Onderka,
1989), and is less frequently observed in
gray (Halichoerus grypus), harp (Pagophi-

lus groenlandicus), and hooded (Cysto-
phora cristata) seals (Delyamure, 1968;
Anderson et al., 1974; Lucas et al., 2003).
More recently, O. circumlitus has been re-
ported to be an important parasite of ju-
venile northern elephant seals (Mirounga
angustirostris) and Pacific harbor seals
(Phoca vitulina richardsi) along the central
California coast (Gulland et al., 1997).
Both of these species are sympatric with
the California sea lion (Zalophus califor-
nianus) throughout its California range.

This case report describes O. circumli-
tus infection in a California sea lion. To the
authors’ knowledge, there have been no
published reports of O. circumlitus infec-
tion in otariids, and this is the first ob-
served case of this parasite in an otariid at
The Marine Mammal Center (TMMC,
Sausalito, California, USA). TMMC has
been rehabilitating and investigating mor-
tality of pinnipeds for 25 years and to date
has examined approximately 6,000 Califor-
nia sea lions post mortem.

A yearling male California sea lion was
admitted to TMMC after stranding along
the central California coast 4 June 2003.
On physical examination, the California
sea lion was emaciated, had diarrhea, and
weighed 20.4 kg. Hematology results on
admission included leukocytosis (29,300/
ml), neutrophilia (24,612/ml), and mono-
cytosis (2,930/ml). No eosinophils were ob-
served in the blood smear. Hematocrit was
at the low end of normal at 34%, indicat-
ing anemia in a dehydrated individual.
Reference ranges for these values in
stranded weanling California sea lions are
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9,780–22,800/ml for leukocytes, 5,140–
16,680/ml for neutrophils, 0–1,600/ml for
monocytes, and 34–50% for hematocrit
(Bossart et al., 2001). Abnormalities on se-
rum biochemistry analysis were mild hy-
perglycemia (159.7 mg/dl), mild hyperpro-
teinemia (12.0 g/dl), hyperalbuminemia
(.6.0 g/dl), hyperbilirubinemia (11.0 mg/
dl), and a decreased blood urea nitrogen
(6.9 mg/dl). Reference ranges for these
values in stranded weanling California sea
lions range from 62–135 mg/dl for glucose,
7.7–10.7 g/dl for total protein, 2.9–4.0 g/dl
for albumin, 0.1–1.1 mg/dl for bilirubin,
and 20–88 mg/dl for blood urea nitrogen
(Bossart et al., 2001). The elevation in total
protein and albumin, and decrease in
blood urea nitrogen concentration are
most likely the result of dehydration and
malnutrition, respectively. The causes of
the low hematocrit and hyperbilirubinemia
in this sea lion are unknown, but might be
internal hemorrhage and/or hemolysis.
Malnutrition might also have been a con-
tributing factor in the etiology of the ane-
mia of this individual.

The sea lion was initially treated with
sucralfate (Carafatet, Aventis Pharmaceu-
ticals, Bridgewater, New Jersey, USA) at
25 mg/kg orally three times daily for three
days, Vitamin B (Phoenix Pharmaceutical
Inc., St. Joseph, Missouri, USA) at 7.5 mg/
kg intramuscularly, and supportive care
which included tube feeding. Antihelmin-
tics were not administered to this animal.
Use of antihelmintics at TMMC is re-
served for those animals in which a para-
site might be causing primary disease, con-
tributing to another condition, or limiting
the success of recovery of the individual.
The sea lion was housed outside with oth-
er California sea lions, and was fed thawed
herring and sardines that had been stored
at 220 C once he began eating on his own
two days after admission. A corneal opacity
was observed in the right eye 13 days after
admission. Enrofloxacin (Baytrilt, Bayer
Corporation, Shawnee Mission, Kansas,
USA) at 5 mg/kg orally once daily and car-
profen (Rimadylt, Pfizer Inc., New York,

New York, USA) at 1.25 mg/kg orally once
daily were initiated to treat keratitis in the
right eye.

The following day (two weeks after ad-
mission), the sea lion became anorexic and
blood was observed around his mouth and
vibrissae, most likely due to hemoptysis.
Hematology results included leukocytosis
(26,300/ml) consisting of neutrophilia
(23,670/ml) with left shift (1,315 bands/ml),
lymphopenia (263/ml), anemia (29% he-
matocrit), and thrombocytopenia (67,000/
mm3). The reference ranges for these val-
ues are 1180–8380/ml for lymphocytes, 34–
50% for hematocrit, and 208,000–720,000/
mm3 for platelets (Bossart et al., 2001). Se-
rum biochemistry was not performed at
this time. Hematology findings are consis-
tent with an inflammatory leukogram,
most likely the result of an infectious pro-
cess. The cause of the thrombocytopenia
is unknown, but might be due to vasculitis
and/or disseminated intravascular coagu-
lation (DIC).

The sea lion died the following morning,
despite supportive care. On postmortem
examination, multiple areas of hemorrhage
were scattered throughout all lung lobes,
and on cut surface, blood vessels con-
tained fibrin thrombi. There was moder-
ate, diffuse interstitial edema throughout
all lung lobes. Aerobic culture of the lung
yielded a pure growth of Escherichia coli.
The hilar lymph node was enlarged and
contained multiple areas of hemorrhage
on cut surface. There was a large amount
of blood-tinged mucus within the trachea
and bronchi. Two nematodes were found
in the right ventricle of the heart and ap-
proximately 150 nematodes were observed
in the right and left pulmonary arteries
(Fig. 1). Other findings included nasopha-
ryngeal acariasis (mites identified as Or-
thohalarachne attenuata). No parasitic
protozoan cysts/trophozoites or helminth
eggs/larvae were detected in a fecal sample
obtained at necropsy using standard fecal
flotation and Baermann sedimentation.

Tissue samples from multiple organs
were fixed in 10% neutral buffered for-
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FIGURE 1. The dorsal surface of the lungs of a California seal lion infected with Otostrongylus circumlitus.
Note the numerous nematodes in the lumen of the pulmonary artery. Bar 5 2.0 cm.

FIGURE 2. Photomicrograph of section of lung
from a California sea lion infected with Otostrongylus
circumlitus. Note the severe arteritis and cross sec-
tion of an O. circumlitus within the lumen of the
artery. H&E stain. Bar 5 50 mm.

FIGURE 3. Photomicrograph of a pulmonary ar-
tery with severe arteritis in a California sea lion with
O. circumlitus. Note the large fibrin thrombus oc-
cluding the lumen of the blood vessel. H&E stain.
Bar 5 100 mm.

malin, routinely processed for paraffin em-
bedding, sectioned at 5 mm, and stained
with hematoxylin and eosin (Luna, 1968).
Histologic findings in the lungs included
severe suppurative and necrotizing arteri-
tis with vascular thrombosis, interstitial
pneumonia, and large areas of pulmonary

hemorrhage. Cross sections of metastron-
gyloid nematodes were found within the
lumina of some affected arteries (Fig. 2).
Numerous pulmonary vessels were occlud-
ed by fibrin thrombi (Fig. 3). In addition,
multiple small metastrongyloid nema-
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FIGURE 4. Ventral view of O. circumlitus male
bursa. Bar 5 2.5 cm.

todes, morphologically consistent with
Parafilaroides decorus (see Gosselin and
Measures, 1997) were present within al-
veolar spaces. A large thrombus was noted
in a branch of the hepatic portal vein.

Large intranuclear inclusions suggestive
of adenoviral infection were observed in
the pulmonary vascular endothelium and
capillary endothelium of the tracheobron-
chial lymph node. Other findings were
consistent with debilitation and included
moderate hemorrhagic colitis, mild chron-
ic gastroenteritis, and mild pyelitis.

Ten female and male nematodes col-
lected from the pulmonary arteries at nec-
ropsy were identified as immature forms
of O. circumlitus using morphologic char-
acteristics (Delyamure, 1968). Male nem-
atodes were 30.5–34.5 mm long by 442.5
mm wide at midbody, and the buccal cap-
sule was 42.5 mm wide by 20 mm long. The
nerve ring was 312.5 mm from the cephalic
extremity and the excretory pore was 137.5
mm posterior to the nerve ring. The esoph-
agus of the male was 810 mm long by 95
mm at the widest section. The bursa was
well developed, with nine rays (two fused
ventroventral and lateroventral, two exter-
nolateral, two fused mediolateral and pos-
terolateral, two externodorsal, and a single
dorsal composed of a fusion of two rays).
The spicules were equal in length, mea-
suring 332.5 mm long by 40 mm wide at
maximum width, and were brown and
spongy, with two flanges, and finger-
shaped distal ends. The gubernaculum
measured 60 mm long by 22.5 mm wide,
with a color and texture similar to those of
the spicules (Fig. 4). Granular material re-
sembling sperm was observed in the testis.
Females were 47.5–50.0 mm long by 545
mm wide at midbody, and the buccal cap-
sule was 65 mm wide by 35 mm long. The
nerve ring was 315 mm from the cephalic
extremity and the excretory pore was 225
mm posterior to the nerve ring. The vulva
was near midbody and eggs in utero were
80 mm long by 52 mm wide. No larvae
were observed in utero and no sign of mi-
totic development in the eggs was ob-

served. Female and male voucher speci-
mens were deposited in the U.S. National
Parasite Collection, Beltsville, Maryland
(accession number: USNPC# 95337).

The location of the O. circumlitus in this
sea lion and the lesions associated with in-
fection are similar to those observed in re-
cently weaned northern elephant seals dy-
ing from O. circumlitus infection (Gulland
et al., 1997). In stranded northern ele-
phant seals less than one year old, O. cir-
cumlitus are most often found in the right
heart and pulmonary artery, and lesions as-
sociated with infection include severe ar-
teritis, interstitial pneumonia, and pulmo-
nary vascular thrombosis. Northern ele-
phant seals with O. circumlitus can devel-
op DIC resulting in hemorrhage and death
during the prepatent period (Gulland et
al., 1997). Thrombosis of pulmonary arter-
ies in this sea lion might have been due to
damage to the vascular endothelium by se-
vere inflammation. The thrombus in the
hepatic portal vein could indicate DIC in
this individual.

In contrast to northern elephant seals
and California sea lions, adult nematodes
in most phocids are typically found in the
bronchi and bronchioles resulting in bron-
chitis, bronchopneumonia, and obstructive
bronchiolitis (Onderka, 1989; Measures,
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2001). Lesions associated with infection in
most phocids other than elephant seals
vary with the severity of infection and host
susceptibility, and are often more severe in
young or immunocompromised individuals
(Measures, 2001). This California sea lion
might have been predisposed to O. cir-
cumlitus infection due to some diminished
immune competence. Stress, poor nutri-
tional status, concurrent disease (adenovi-
rus infection), and young age could all
have been contributing factors to an im-
munocompromised state in this individual.

Verminous pneumonia due to Parafila-
roides decorus is very common in stranded
juvenile California sea lions (Sweeney and
Gilmartin, 1974; Gerber et al., 1993) and
asymptomatic infection is common in
healthy young pinnipeds. However, heavy
infection in a debilitated animal can result
in severe morbidity and mortality (Gulland
et al., 2001). Bacterial pneumonia with
gram negative organisms is also commonly
observed in sea lions, both as primary in-
fections and secondary to viral and lung-
worm infections (Sweeney, 1986; Thorn-
ton et al., 1998). The Escherichia coli cul-
tured from the lung of this animal is most
likely due to secondary infection. E. coli is
also frequently isolated from northern el-
ephant seals infected with O. circumlitus
(Gulland et al., 1997).

The association between adenoviral and
O. circumlitus infection in this California
sea lion is uncertain. Poor nutritional con-
dition might have resulted in increased
susceptibility to both parasitic disease and
viral infection. Alternatively, viral recru-
descence might have occurred secondary
to severe parasitic disease. There are two
reports of adenovirus infection in Califor-
nia sea lions, documenting six affected an-
imals. All six sea lions had acute necrotiz-
ing hepatitis associated with adenoviral nu-
clear inclusions (Britt et al., 1979; Dierauf
et al., 1981). Inclusions were not found in
the liver of this sea lion.

The location and severe reaction to im-
mature O. circumlitus by northern ele-
phant seals during the prepatent period is

thought to be due to host reaction to the
parasite in early migration (Gulland et al.,
1997). Therefore, it has been suggested
that the northern elephant seal and O. cir-
cumlitus are a recent host-parasite associ-
ation. This is in contrast to the relationship
between O. circumlitus and other phocids,
in which there is minimal host reaction to
immature stages, suggesting long term co-
evolution of host and parasite (Gulland et
al., 1997). The location of nematodes and
severity of lesions during the prepatent pe-
riod of this California sea lion are also like-
ly the result of an aberrant host reaction
due to a recent host-parasite association
similar to that seen in northern elephant
seals.

The highest number of elephant seals
dying with O. circumlitus infection per
year over the last ten years was observed
in 2003 (34/56; 61% prevalence) the year
of this sea lion’s infection (TMMC, un-
publ. data). The reason for this increase in
prevalence is unknown, but likely reflects
changes in prey availability or choice by
host seals. Factors accounting for the high
prevalence in northern elephant seals
might also account for the infection seen
in this individual sea lion. Further studies
are needed to investigate the prevalence
of this parasite in the California sea lion
and to determine its role as a pathogen in
this species.

The authors thank the staff and volun-
teers of The Marine Mammal Center, Mi-
chael K. Stoskopf DVM, PhD for editorial
advice, and the North Carolina Zoological
Society for its support.
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